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FIELD OF THE INVENTION 

The present invention generally relates to optical interconnects and systems 
including optical interconnects. More particularly, the invention relates to optical 
interconnects and systems suitable for providing a transmission path between 
optoelectronic devices and/or between an optoelectronic device and a waveguide such 
as a fiber ribbon and to methods of forming the interconnects and systems. 

BACKGROUND OF THE INVENTION 

Systems including optical interconnect devices are often used to transmit 
information at high data rates. For example, such systems are used for board-to-board, 
backplane, local area network (LAN), wide area network (WAN) and similar 
applications. Optical systems are advantageous compared to electrical interconnect 
systems because optical systems are generally less susceptible to electromagnetic 
interference, which often results in cross-talk within the system and external noise 
emission from the system, particularly as the rate of information transfer increases. 
However, optical interconnect systems are typically relatively expensive compared to 
electrical interconnect systems, and thus factors such as distance the transmitted signal 
must travel, bandwidth required by the system, cost, power consumption, signal 
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integrity requirements, and the like are often considered before selecting a type of 
system. 

Typical optical interconnect systems generally include an optoelectronic device 
such as a light emitting (e.g., laser) and/or a light detecting (e.g., a photodiode) device, 
an electronic device (e.g., an amplifier and/or a driver) coupled to the optoelectronic 
device, and waveguide material such as a fiber ribbon cable. The optoelectronic 
devices are often fabricated such that the active region, i.e., the area that emits or 
receives photos from the waveguide, is on the same surface as electrical connections for 
coupling the optoelectronic device to the corresponding electrical device. In this case, 
either the electrical connections or the optical connections must typically undergo an 
effective ninety degree bend to allow electrical coupling between the optoelectronic 
device and electronic device and optical coupling between the optoelectronic device 
and the waveguide. Prior-art methods and apparatus for coupling light between an 
optoelectronic device and a waveguide are generally relatively expensive to 
manufacture and/or are relatively inefficient at transferring light between the 
optoelectronic device and the waveguide. Accordingly, improved methods and 
apparatus for coupling an optoelectronic device to a waveguide and methods of forming 
the apparatus are desired. 



SUMMARY OF THE INVENTION 

The present invention provides an apparatus for coupling an optoelectronic 
device to a optical transmission medium or waveguide such as an optical fiber and a 
method of forming the apparatus. More particularly, the invention provides an optical 
interconnect device including reflective and focusing surfaces, systems including the 
device, and methods of forming the device and system. 

The way in which the present invention addresses various drawbacks of the now- 
known optical interconnect devices and systems is discussed in greater detail below. 
However, in general, the improved optical interconnect device and system in 
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accordance with the present invention are relatively inexpensive and easy to 
manufacture. 

In accordance with one embodiment of the present invention, a waveguide and a 
reflective surface are formed on a surface of a substrate. In accordance with one aspect 
of this embodiment, the waveguide is formed by depositing waveguide material such as 
SiN, SiO x , polymer material, or the like, patterning the material, and etching the 
material to form a desired pattern. In accordance with a further aspect of this 
embodiment, the waveguide material is patterned and etched to form a curved portion, 
suitable for focusing light, on one end of the waveguide. In accordance with one 
particular aspect of this embodiment, the waveguide material includes silicon oxide and 
is deposited using flame hydrolysis deposition. Cladding layers for the waveguide may 
be formed by depositing material about the waveguide and/or by implanting material 
into the waveguide to change the index of refraction of a portion of the waveguide 
material. Gratings on the waveguide material may be formed by one of several 
approaches. For example, gratings can be formed on waveguides using a mask and 
ultraviolet light exposure or by patterning photoresist material, exposing the patterned 
photoresist to ultraviolet radiation, and etching the unexposed waveguide material. In 
accordance with yet another aspect of this embodiment, the reflective surface is formed 
by etching a portion of a substrate material to form a reflective structure, and if desired, 
coating at least a portion of the reflective structure with a reflective material to increase 
the reflectivity of the surface. 

In accordance with another embodiment of the invention, a reflective surface, 
which both reflects light to a desired direction and focuses the light to a desired 
location, is formed on a surface on a substrate. In accordance with one aspect of this 
embodiment, the reflective surface is formed by depositing a material such as silicon 
oxide patterning the silicon oxide material, and etching the material to form, e.g., a 
parabolic or ellipsoid surface, which if desired, may be coated with a reflective 
substance. 
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In accordance with a further embodiment of the invention, the reflective surface 
may be formed within a substrate by etching the substrate to formed the reflective 
surface, which, if desired, may be coated with a reflective material. 

RRTEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the present invention may be derived by 
referring to the detailed description and claims, considered in connection with the 
figures, wherein like reference numbers refer to similar elements throughout the 
figures, and: 

FIG. 1 is a schematic illustration of a portion of an optical interconnect system in 
accordance with the present invention; 

FIG. 2 is a perspective illustration of a waveguide having a curved end and a 
reflector structure formed on a surface of a substrate; and 

FIG. 3 is a schematic illustration of a waveguide and a curved reflective surface 
formed on a surface of a substrate. 

Skilled artisans will appreciate that elements in the figures are illustrated for 
simplicity and clarity and have not necessarily been drawn to scale. For example, the 
dimensions of some of the elements in the figures may be exaggerated relative to other 
elements to help to improve understanding of embodiments of the present invention. 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 

The present invention generally relates to optical interconnect structures. More 
particularly, the invention relates to optical interconnect structures configured to alter a 
light path of light transmitted to or emitted from an optoelectronic device or an optical 
transmission medium. The invention is conveniently described below in connection 
with optically coupling an optoelectronic device to a fiber of a optical cable. However, 
the invention may be used to optically couple the any light source (including a 
waveguide) to any light receiver (including another waveguide). 
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FIG, 1 schematically illustrates a system 100, including an optical interconnect 
structure 102, in accordance with the present invention. System 100 includes structure 
102, formed on or using a substrate 104, an optoelectronic device 106, and an optical 
fiber 108. System 100 may also optionally include a lens 1 12 to further focus light 
5 transmitted to or emitted from device 106. 

In operation, light is transmitted between device 106 and fiber 108 using 
structure 102 to bend the light. As noted above, bending of the light is often desirable 
because optoelectronic devices often receive or emit light through and in a direction 
away from the same surface on which electrical connections (e.g., conductive bump 
10 1 10) are formed, which direction is often perpendicular to a surface on which cable 108 
receives or emits light. Although optical interconnect systems that include 
optoelectronic devices that emit light in a direction that is perpendicular to the 
receiving or emitting surface of cable 108 requires bending of light to increase optical 
efficiency of the system, such systems are often desirable because they allow relatively 
15 short electrical connections (e.g., bump 110) between device 102 and substrate 104 and 
between device 106 and other electronic devices such as drivers, amplifiers, and the 
like. In addition, surface emitting detectors and emitters may be manufactured and 
p attached to substrate 104 in one dimensional or two dimensional arrays, are relatively 

fU inexpensive to manufacture, and in the case of emitters, often emit better quality light 

20 compared to edge emitters. 

Optoelectronic device 106 may comprise either a light emitting device such as a 
light emitting diode, a vertical cavity surface emitting laser, or the like, or a light 
detecting device such as a pn junction diode, a metal-semiconductor-metal detector, a 
resonant cavity enhanced detector, or the like. Device 106 may be a discrete 
25 component or may be part of an array of optoelectronic devices, which may include any 
combination of emitters and detectors. 

Fiber 108 may include any medium suitable for transferring light emitted from or 
received by device 106. In accordance with one embodiment of the invention, fiber 
108 is an optical fiber from an MT series type fiber optic coupler. 
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35706.5400\PILLOTC\PHX\1 1 23441 



5 



Optical interconnect structures (e.g. structure 102) in accordance with various 
embodiments of the invention are illustrated in FIGS. 2-3. As explained in more detail 
below, each optical interconnect structure includes a reflecting surface and a curved 
surface to, respectfully, direct and focus light to a desired location. 

FIG. 2 illustrates an optical interconnect structure 200 that includes a reflecting 
surface 202 and a waveguide 204 formed on a surface of a substrate 206. In 
accordance with this embodiment of the invention, waveguide 204 includes a curved 
surface or lens 208 configured to obtain the desired focusing of light transmitted to or 

from the waveguide. 

The configuration of curved surface 208 may vary in accordance with various 
applications and may be selected based on several factors. The radius of curvature may 
also be selected based on a various factors such as divergence angle of the incident 
light, effective refractive index of material comprising waveguide 204, the wavelength 
or wavelengths of light transmitted through structure 200, the distance from source or 
receiving apertures and the like. Furthermore, although illustrated with a substantially 
planar surface 210, waveguides in accordance with the present invention may suitably 
include a second curved surface in place of planar surface 210. The radius of curvature 
of surface 208 may be selected, for example, using Equation 1, where f is the focal 
length of the transmitted light, u. is the effective refractive index of the waveguide, and 
R is the radius of curvature. 

1/f = (u-l)l/R Equation 1 

Materials used to form waveguide 204 may also vary from application to 
application. In general, material used to form waveguide 204 includes at least one layer 
of material that efficiently transmits light of desired wavelength(s). Exemplary 
materials suitable for forming waveguide 204 include silicon nitride, silicon oxide, 
polymers and plastics, glasses, and the like, which material may include one or more 
dopants to alter the refractive index of the material. Waveguides in accordance with 
the present invention may also suitably include one or more cladding layers to facilitate 
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efficient light transmission. Alternatively, the substrate and air may serve as cladding 
material in waveguide 204, in which case structure 200 does not include additional 
cladding layers. One or more cladding layers may be formed by implanting material 
into a portion of the waveguide structure to alter the index of refraction of a portion of 
the waveguide. In addition, optical gratings may be formed on the waveguide structure 
by patterning photoresist or by etching the waveguide material to form the desired 
grating pattern. Forming a grating on the waveguide may be desirable to form passive 
devices such as demultiplexers, and switches may be coupled to the waveguide with the 
grating to form active devices such as cross-connects or add/drop multiplexers. 

Reflecting surface 202 may be formed either on or within substrate 206. In the 
case of the embodiment illustrated in FIG. 2, reflecting surface 202 is formed as part of 
a reflecting structure 212, which is formed on substrate 206. Structure 212 may be 
formed of any suitable material, such as materials used to form waveguide 204, 
substrate material such as silicon, or the like. Reflective surface 202 may additionally 
include a material such as gold, silver, platinum, which is coated onto a surface of 
structure 212. 

Surface 202 is formed at an angle of about 90 degrees to about 180 degrees with 
respect to a surface 214 of substrate 206 to direct light in a desired direction and 
facilitate efficient light transfer between an optoelectronic device and waveguide 204. 
The desired angle of surface 202 with respect to surface 124 may depend on several 
factors such as the configuration of waveguide 204 and placement of the optoelectronic 
device relative to surface 202. In accordance with one exemplary embodiment of the 
invention, surface 202 is angled at about 135 degrees with respect to surface 214 and 
the center of height of surface 202 is about the same as the center of height of 
waveguide 204. 

Substrate 206 may be formed of any suitable material. In accordance with one 
exemplary embodiment of the invention, substrate 206 includes silicon semiconductor 
material as is often used in semiconductor device manufacturing and further includes 
various electrical interconnects to couple an optoelectronic device to another 
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microelectronic circuit such as a driver or an amplifier (e.g., to couple device 106 to an 
amplifier or driver). 

FIG. 3 illustrates an optical interconnect structure 300 in accordance with another 
embodiment of the invention. Similar to structure 200, structure 300 includes a 
reflecting surface 302 formed on a structure 3 12 and a waveguide 304 formed on a 
surface of a substrate 306; structure 3 12, surface 302, substrate 306, and waveguide 304 
may be formed of the same materials described above in connection with structure 212, 
surface 202, substrate 206, and waveguide 204. In accordance with this embodiment of 
the invention, reflective surface 302 is curved to facilitate focusing of light transmitted 
between an optoelectronic device and a waveguide 108. 

The interconnect structures in accordance with the present invention may be 
formed by depositing material such as silicon oxide using a deposition process such as 
flame hydrolysis deposition, patterning and etching the material to form the waveguide 
and reflective structure, and coating a portion of the reflective structure with reflective 
material such as gold, silver or platinum, using for example, evaporation or chemical 
vapor deposition techniques. The etching process employed in accordance with the 
present invention may include an isotropic etch (e.g., wet etch) process, an anisotropic 
(e.g., a dry etch) process, or a combination of both isotropic and anisotropic etch 
processes to form the desired configuration of the waveguide and the reflective 
structure. For example, an anisotropic etch process can be used to form waveguide 204 
and reflective structure 212, illustrated in FIG. 2, whereas an anisotropic etch may be 
used to form waveguide 304 and isotropic etch or a combination of isotropic and 
anisotropic etches may be used to form reflective structure 312. 

In accordance with a preferred method of the present invention, an optical 
interconnect structure is formed by etching a silicon substrate with potassium 
hydroxide (KOH) at a controlled temperature to form reflecting structures (e.g., 
structures 212) on the substrate surface. Silicon oxide is then deposited onto the 
surface of the substrate using flame hydrolysis deposition, and the oxide is patterned 
and etched to form the waveguides (e.g., waveguides 204 or 304). A reflective coating 
is then deposited (e.g., using a flash deposition or evaporation process) onto a portion 
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of the reflective, using photoresist as mask; conductive bond pads may also be formed 
on the surface of the substrate during this process. The centers of the waveguides are 
preferably aligned in the x, y, z directions with respect to the centers of the reflecting 
surface. 

While the present invention is set forth herein in the context of the appended 
drawing figures, it should be appreciated that the invention is not limited to the specific 
form shown. For example, although the optical interconnect structures and systems 
including the structures are conveniently illustrated with about a 90 degree bend in a 
light path, the interconnect structures may be configured to bend or contour light in any 
desired direction. Various other modifications, variations, and enhancements in the 
design and arrangement of the method and apparatus set forth herein, may be made 
without departing from the spirit and scope of the present invention. 
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